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Abstract. There were analyzed samples of fruit distillates from the two stages of distillation process, 
first distillate and the second distillate, as apple brandy originating from Bistriţa-Năsăud County, 
Transylvania provenience and were collected directly from the producer soon after the process ended. 
We investigated 10 major volatile compounds (acetaldehyde, ethyl acetate, methanol, 1-propanol, 1-
butanol, 2-butanol, isobutylic alcohol, isoamylic alcohol, amyl active alcohol and furfural) by gas 
chromatography coupled with flame ionization detector (GC-FID). We used reference chemicals to 
identify these compounds and 3-pentanol as internal standard to quantify the volatiles. This analysis 
permitted to observe the differences between the two distillates. Acetaldehyde, ethyl acetate and 
methanol have smaller amounts in the second distillation step. Furfural and higher alcohols registered 
different evolution in the last distillation step. They were higher then in the first distillate. The factors 
which differentiate the two samples can be separation of fractions (heads, hearts and tails), 
temperature, quality of raw material and the fermentation process.  
 
Keywords: fruit brandy, major volatiles, GC-FID, distillation impact  
 
INTRODUCTION 
 
Due to its climate, Romania has an important position in East European region in 
fruit growing and production of traditional fruit brandies. Here are produced different types of 
fruit brandies and according to the region, we can find different alcohol concentrations of 
these drinks. The two traditional methods applied to obtain fruit brandies are the simple and 
double distillation of fruit pulp in copper stills with open fire, maturing and conditioning in 
wood barrels. In Transylvania region fruit brandies are produced by a double distillation 
procedure. The most popular alcoholic strength beverage here is „pălinca”, obtained from a 
mixture of fruits. The fruit fermentation is made in wood barrels, usually oak barrels are used, 
or in stainless steel recipients. Distillation is made in copper stills under open fire. The final 
alcohol concentration of these products must be between 40-70% v/v. No matter the process 
applied, the flavor and taste of these traditional beverages is an indicator of the fruit or fruits 
used as raw materials. The storage and the maturing are achieved in different kinds of wood 
barrels, stainless steel or glass recipients for at least three months. The yellow or gold-yellow 
color of these traditional distillates can be obtained exclusively by aging in wood barrels, 
without any colorants or pure alcohol of industrial origin adding. The raw material, its 
preparation and fermentation, distillation technology and maturation are main responsible 
factors for the specific bouquet of fruit brandies.  
Some of volatiles found in fruit brandies, such as methanol, furfural, isobutylic 
alcohol and acetaldehyde can have toxic potential to the human organism. This is the reason 
why the European Commission established a maximum admissible value for methanol (1200 
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mg/100 ml anh. alc.) in fruit brandies (REG.110/2008). Furfural it is regulated by law to a 
maximum content of 2 mg/100 ml anh. alc.   
Acetaldehyde is a result of ethanol dehydrogenation and can occur during 
fermentation (Geroyiannaki et al., 2007). It has a low boiling point (21 °C) which makes it a 
typical product for heads (Rodriguez Madrera et al., 2006). Still can appear also tails due to 
its miscibility with water and its formation during distillation process. Ethyl acetate represents 
the main ester present in fruit brandies. It is formed during fermentation or distillation by 
esterification reaction between acetic acid (from fermentation process) and ethanol. It has a 
low boiling point (77 °C) and minor solubility in water. This is the reason why is typical for 
head fractions.  
Beside ethanol, from all major volatile substances, methanol has the highest amount 
in fruit brandies obtained after a double distillation. Methanol is found in higher amounts in 
raw distillate (resulted after the first distillation). This happens because the concentration of 
methanol is directly proportional with the quantity of pectin present in fruit raw material 
(peels, seeds). In the second distillation stage methanol is concentrated in heads. This part 
must be removed from the process and the final distillate will contain concentration in 
accordance with the maximum admissible levels. Methanol is formed when pectic substances 
hydrolyze under the influence of some pectolytic enzymes (especially, pectin methyl 
esterase). This is the reason why distilled alcoholic beverages produced from different 
fermented fruits have generally higher amount of methanol in comparison with those obtained 
from other raw materials (ethyl alcohol from cereal processing), due to the degradation of 
methoxylated pectins found in fruit flesh.  
Furfural is one of the volatiles responsible for the aroma and flavor of fruit brandies, 
with a high boiling point around 160 oC. If the total time of distillation process it is extended 
at higher temperature, furfural is formed and can create harmful effects such as mashes with a 
burnt-bitter taste. The caramel color of the not matured fruit brandy can be also an 
explanation of furfural presence (Rodriguez Madrera et al., 2006; Quesada Granados et al., 
1996). Thus furfural it is formed in tails fraction of the distillate. It can be also formed during 
aging due to the toasting woods used in this process. This effect is very difficult to be 
removed. Furfural can seriously affect the ethanol production by inhibiting the enzymatic 
substrate in the fermentation process (Modig et al., 2002). 
Also higher alcohols are responsible for the aroma of the final brandies. Their level 
in brandy is dependent also by the percentage in the raw material used in distillation process. 
Higher alcohols are found in the tails fraction. 
Many studies evaluated the major volatile compounds found in different types of 
brandies by applying gas-chromatography, liquid chromatography, fourier transform infrared 
spectroscopy (Anli et al., 2007; Christopoulou-Gerogiannaki et al., 2007; Dragone et al., 
2009; Korhonova et al., 2006; Nikicevic and Tesevic, 2005; Popovic et al., 2009;  Tesevic et 
al., 2005, 2009; Versini et al., 2009).  
The aim of our study was to determine the major volatile compounds found in apple 
brandy resulted after the first and second distillation process. We evaluated the impact of 
distillation process applied on the major volatile compounds identified by gas-
chromatography coupled with Flame-Ionization Detection (GC-FID) from the two distillation 
stages.  
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MATERIALS AND METHODS 
 
Provenience of samples 
In order to perform this study, two samples of homemade apple brandies (one 
resulted after the first distillation stage sample - D1 and another after the second distillation 
process - D2) were collected in May 2009 from Bistriţa-Năsăud County situated in 
Transylvania region. They were collected directly from the producer.  
  
Samples preparation 
Fruit were harvested during September 2009. They were milled and then the marc 
was put to fermentation in wood barrels until May 2010. The distillation process took place in 
two stages. The fermented marc was firstly boiled in a copper alembic with open fire having a 
capacity of 150 L. The distillate resulted was cooled with water 15 oC to facilitate the 
condensation of the spirit. A quantity of around 1 L of distillate resulted at the beginning of 
the boiling process was eliminated (named as heads fraction). The most important part of the 
distillate is called hearts and is collected separately. The last fraction of the distillate named 
tails is used in a new distillation process. The intermediate product (first distillate – D1 
composed by hearts fraction) it has an alcohol content around 20 % v/v. The operation 
repeated in the second distillation stage where resulted our apple brandy (D2) with alcohol 
content around 50 % v/v. The temperatures applied in second distillation step were higher 
than in the first one, where temperatures were lower. The reason was that the marc was 
treated carefully not to caramelize. For studying the volatile fraction of the obtained 
distillates, samples (D1 and D2) were analyzed.  
 
Alcohol concentration and the relative density 
The alcohol content and relative density analyses were made by the electronic 
densitometer type DDM2911, with digital display and measuring cell connected to an 
incorporated temperature regulator, made by Rudolf Research Analytical, series: 2045, 
measuring domain: 0-3 g/cm3. The measurement result was an average of five values obtained 
for alcohol concentration and respectively, for the relative density. The density was displayed 
with 5 decimals and alcoholic concentration with 2 decimals.  
 
Volatile compounds analysis 
Analysis of major volatile compounds of the two fractions of distillate was adapted 
after the EU reference method for volatile compounds found in alcoholic beverages. For the 
determination of the major volatile compounds, the samples were injected directly into the gas 
chromatograph column, from a GC-FID Agilent Tehnologies gas chromatograph, 6850A, 
without preliminary treatment. Each sample was injected twice in the GC-FID. One micro 
liter from each sample was introduced in the capillary chromatography column ZB-WAX plus 
(characteristics: 60 m length, 0.25 mm diameter, 0.25 µm film thickness, stationary phase: 
cross linked polyethylene glycol) produced by Zebron Company. Inside the oven, the initial 
temperature was 350C. The injector temperature was 2400C, automatic injection. The carrier 
gas was Helium. Detector (FID) temperature was 250 0C (Coldea et al., 2011).  
The temperature program is represented in Tab.1. The total analysis time of each 
sample was 30.63 min.  
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  Tab.1 
Temperature program used for the GC-FID analysis of all beverages 
 
Ramps Rate  Final temperature Final time 
1 120C/min 35-580 C 4 min 
2 30C/min 58-850C 0 min 
3 300C/min 1550C 3 min 
4 2000C/min 2300C 5 min 
 
The main components (methanol, acetaldehyde, ethyl acetate, 1-propanol, 2-butanol, 
isobutylic alcohol, amyl active alcohol, isoamylic alcohol, 1-butanol), were identified by 
comparing their retention times with those of authentic compounds (see Chemicals and 
reagents). For quantitative evaluation it was applied the internal standard method, with a 
known amount of 3-pentanol, as internal standard (IS). As such, a solution containing 0.1 ml 
3-pentanol was added to 10 ml of every each sample. For all volatiles, the quantitative 
evaluation was based on automatic calculation, based on peak area integration, while for 
furfural the integration was done, manually. 
 
Chemicals and reagents 
All used chemicals (ethanol, acetaldehyde, methanol, propanol, 1-butanol, 2-butanol, 
isobutylic alcohol, isoamylic alcohol, amyl active alcohol, ethyl acetate, 3-pentanol, furfural) 
with purity over 99% were purchased from Merck and Sigma Aldrich Company. 
 
Statistical analysis 
The results obtained from the individual experiments were used to calculate the mean 
values and standard deviation values for the two apple brandy fractions samples.  
 
RESULTS AND DISCUSSION 
 
  Alcohol concentration based on relative density determination 
Tab. 2 represents the values obtained for the alcohol concentration based on relative 
density measurement.  
Tab. 2 
Alcohol concentration, determined from relative density  
 
 
 
 
 
 
The mean values of alcohol concentration in the two fractions of distillate were quite 
different due to the double distillation process applied. After the first distillation stage the 
value for alcohol concentration was significantly smaller, 20.19, than the second distillation 
stage, 50.19. 
 
 
 
 
 
Sample code Alcohol concentration, % v/v 
Relative density, 
g/cm3 
D1 20.19 0.97335 
D2 50.19 0.92976 
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GC-FID analysis 
The GC-FID chromatograms of the distillates resulted after the first and second 
distillation stage are presented in Fig. 1 A and B. The major peak corresponding to ethanol 
(tR=8.11 min) was eliminated, in order to illustrate better the other components. 
 
 
 
 
Fig. 1. The GC-FID chromatogram of major volatile compounds identified in first distillation stage 
sample (A) and second distillation stage sample (B). Peak identification: 1 = Acetaldehyde; 2 = Ethyl 
acetate; 3 = Methanol; 4 = 2-Butanol; 5 = 1-Propanol; 6 = Isobutylic Alcohol; 7 = 3-Pentanol (IS); 8 = 
1-Butanol; 9 = Amyl Active Alcohol; 10 = Isoamylic Alcohol. 
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There were identified the main volatile compounds by their retention times and by 
comparison with pure standards. The internal standard used in all cases was 3-pentanol (peak 
7). Based on the peak areas, for each sample it was calculated the concentration of each 
component, expressed as mg/100 ml anhydrous alcohol (anh. alc.). The individual and mean 
values for each volatile found in the samples resulted from the distillation process are 
presented in Tab. 3 .  
Tab. 3 
Major volatile compounds identified in the samples collected from the two distillation stages 
 
Major volatile compound, mg/100 ml anh. alc. 
Sample name 
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37.66 383.43 666.06 0 0.34 27.29 38.13 13.87 30.64 102.36 A1 
38.21 382.02 673.31 0 0.28 27.7 38.09 13.6 30.58 101.81 
Mean value 37.94 382.73 669.69 0.00 0.31 27.50 38.11 13.74 30.61 102.09 
Standard 
deviation 0.39 1.00 5.13 0.00 0.04 0.29 0.03 0.19 0.04 0.39 
13.32 234.56 597.29 1.91 0.38 23.01 45.98 15.27 38.21 145.96 A2 
13.02 232.02 596.39 1.99 0.34 22.77 44.66 14.75 39.55 144.54 
Mean value 13.17 233.29 596.84 1.95 0.36 22.89 45.32 15.01 38.88 145.25 
Standard 
deviation 0.21 1.80 0.64 0.06 0.03 0.17 0.93 0.37 0.95 1.00 
 
As we can observe the first three major volatile compounds (acetaldehyde, ethyl 
acetate and methanol) have smaller amounts in the second distillation stage. The possible 
explanation may be the distillation impact by applying a good fraction separation in the 
distillation steps. In the second distillation process the temperatures applied were higher than 
the first one. Furfural and higher alcohols have higher boiling point then the other three 
compounds. As a consequence, no furfural content could be reported in the first distillation 
step. We found furfural only in the second one. This compound it is formed at temperatures 
higher then 160oC. Higher alcohols registered also higher values in the second distillation 
step. They have boiling points between 97-130oC.  
The volatile substance content is higher in the first distillate (633.01 mg/100 ml anh. 
alc.) due to ethyl acetate and methanol which represent the most abundant compounds in both 
distillates.   
Still, acetaldehyde, ethyl acetate and amyl alcohols are the main responsible for the 
flavor of alcoholic beverages, and the quality of these drinks depends on their concentration 
(Apostolopoulou et al., 2005).  
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CONCLUSION 
 
There were investigated the major volatile compounds found in two distillate fraction 
collected from the double distillation process in order to evaluate the impact of distillation 
process to the composition of apple brandy produced in Transylvania. We determined ten 
major volatile compounds by GC-FID analysis, finding qualitative and quantitative 
differences between the first distillate and the last one, apple brandy. The analysis allowed us 
to observe the difference in evolution in major volatile compounds which can be explained 
especially because of the temperature applied. The first three major volatile compounds 
(acetaldehyde, ethyl acetate and methanol) have smaller amounts in the second distillation 
step. The reason may be the proper separation in of the unwanted fractions in the two 
distillation steps (heads and tails), but also the good quality of the raw material or the well 
conducted fermentation process. Furfural and higher alcohols registered different evolution in 
the last distillation step. They were higher then in the first distillate. The possible explanation 
of this evolution can be the temperature, which was higher in the second distillation and make 
possible a better volatilization of these compounds.  
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